carriers and thus whether any potential therapeutic strategy aimed at MCT11 may have broader clinical relevance.
It is intriguing that this risk haplotype is highly prevalent in Mexicans but not in those of European ancestry, in whom most GWAS have been conducted to date. The reasons for this high prevalence would be interesting to explore. For example, does this haplotype confer a selective advantage, and if so, does it do so by favoring energy storage, thereby acting as a useful defense against starvation? In summary, Rusu et al. provide an elegant example of how large-scale genetic studies can facilitate the discovery of new therapeutic targets in common complex diseases such as T2D. While cumulatively, T2D GWAS have been successful in identifying a large number of loci that contribute to the risk of disease (Fuchsberger et al., 2016) , a significant amount of the estimated heritability cannot be accounted for, suggesting that much remains to be discovered. The authors have taken an important first step by highlighting the role of MCT11 in nutrient flux. Their work raises a series of questions that need to be addressed in model organisms, and critically in humans, if the promise of targeting MCT11 as a potential therapy for T2D is to be fulfilled.
A long-standing question in cell biology is how endocytic vesicles and tubules detach from the plasma membrane in the absence of constriction by dynamin. In this issue of Cell, Simunovic et al. describe an elegant biophysical model in which friction between lipids and BAR-domain proteins drives the scission of elongating membrane tubules.
Eukaryotic cells are, by definition, organized into membrane-delimited compartments whose shape is governed by membrane-sculpting proteins and connected to one another by a constant flux of vesicular fission and fusion. These fission and fusion events are pivotal to the very existence of eukaryotic cells. Yet their mechanisms, involving lipid rearrangements too dynamic for structural biology and too small for cell imaging, have been remarkably difficult to uncover. Research in membrane fission and fusion is thus characterized by many uncertainties and spirited debates; but this is not the sort of ''friction'' referred to in the title. In this issue of Cell, Simunovic et al. (2017) provide compelling experimental and theoretical support for the idea that mechanical friction between Bin/Amphiphysin/Rvs (BAR) domain proteins and membrane lipids leads to membrane scission.
BAR domains form banana-shaped dimers whose crescent shapes (Peter et al., 2004) bind membranes, where they assemble into coats for tubular vesicles (Frost et al., 2008) that are abundant in endosomal pathways. Shorter regions of cylindrical geometry occur at the necks connecting nascent spherical vesicles to their parent membranes. The best known of these are clathrin-coated vesicles (CCVs). In mammalian cells, the GTPase dynamin severs CCVs from the plasma membrane by a constriction reaction whose details are still debated (Antonny et al., 2016) . Dynamin works in conjunction with actin and the BAR protein endophilin. How, one might ask, would a tubule-stabilizing cylindrical coat promote scission? Insight into this question came from an analysis of how membrane-associated proteins containing amphipathic helices contribute to CCV scission (Boucrot et al., 2012) . Amphipathic helices can insert shallowly into membrane, promoting vesiculation and thereby promoting scission. In many cases, they are appended to the N termini of BAR domains; these are known as N-BARs. The BAR portion of the N-BAR can help target to the cylindrical neck, while the N-terminal amphipathic helix contributes to scission (Boucrot et al., 2012) . In this model, the former inhibits scission, while the latter facilitates it.
More recently, evidence has emerged from studies of clathrin-independent endocytosis that a form of endophilin lacking the amphipathic helix can still potently promote scission (Renard et al., 2015) . This was a counter-intuitive finding indeed: a BAR domain alone, known to stabilize membrane tubes, could actually cut them. This paradox led to the question that Simunovic et al. have now answered. In the new study, the authors apply a powerful methodology wherein an optical trap is used to pull a nanotube from a giant unilamellar vesicle (GUV) (Sorre et al., 2009 ). This strategy allows real-time imaging of the membrane and membraneassociated proteins simultaneously with force measurements. Nanotubes are pulled from GUVs doped with biotinylated lipids using a streptavidin-coated bead held in the trap. The bead position is kept fixed while the GUV is moved with a motorized stage. In this study, the velocity of the stage was precisely varied to test the hypothesis that friction between the BAR coat and the lipid tube could lead to membrane scission.
Simunovic et al. put forth a novel physical mechanism, friction-dependent scission, to explain how the rapid extension of protein scaffolded tubes can lead to fission. This mechanism uses the friction between the rigid scaffold of the proteins and the lipids underneath them. Lipid membranes generally behave as a fluid in their plane and as elastic solids when bending (Dimova et. al., 2006) . Moreover, they are practically incompressible. When such membranes bend, the lipids flow to accommodate the deformations (Figure 1 ). Bare membranes without inhomogeneities always exist under uniform tension, and a fixed amount of force is required to form a tube of fixed radius (Deré nyi et al., 2002) . No additional force is required to extend the length of the tube once formed, because at sufficiently low speeds of extension, the force required to extend balances the net opposing forces due to tension and bending in the formed tube. Since the membrane tension is fixed, and the radius of the formed tube is fixed for a given tension, this force required to extend an already existing tube is constant. However, when there exists sufficiently rigid scaffolding on the tubular part of the membrane with proteins being bound to lipids (in this case, the tightest binding is to phosphatidylinositol (4,5)-bisphosphate (PI(4,5)P 2 )) and when such membrane tubes are extended rapidly, a resistance for the flow of the lipids develops in the membrane. This could be due to the additional drag on the bulk lipids from the PI(4,5)P 2 lipids that may be fixed to the protein scaffold, to direct interactions between lipid headgroups in general and the protein scaffold, or both. Resistance to the flow of lipids during the extension of the scaffolded tubes can lead to a buildup of tension in the lipid membrane, and ultimately to scission of the tubes. This buildup of tension can be detected experimentally by an increase in the force required for tube extension depending on the speed of extensions.
The authors test their mechanism based on friction-dependent scission by developing an elegant one-dimensional model and comparing it with experimental measurements. They consider tubes consisting of regions that are both scaffolded and unscaffolded by proteins. Using the incompressible nature of membranes, membrane bending theories, and a scaffold mediated friction coefficient, the authors predict the time dependent forces required for elongation of tubes pulled at different velocities. The force exhibits behavior much like a visco-elastic material. At short times, the force increases mainly due to a competition between the elastic extension of the tube and the friction. The force reaches a plateau at longer times, when a steady state velocity of lipids develops to accommodate the speed of extension. The existence of friction leads to increased membrane tension and in turn to fission. Again, using simple intuition that the break up of the tube occurs at the inhomogeneities, such as the intersection of scaffolded and unscaffolded tubes, the authors develop a simple model predicting the timescales required for scission during extension at different speeds. The model identifies the energy barrier required to nucleate the smallest pore capable of triggering scission, and predicts the power-law dependence of the plateau force and the timescales for scission in terms of the speed of extension. As is well known in physics, such power laws or scaling laws, when corroborated with experiments, correctly identify the mechanisms involved in many physical phenomena.
Simunovic et al. have left little doubt about the physical basis for frictiondependent scission, and have nicely explained the mechanism of scission of Shiga-toxin induced tubules (Renard et al., 2015) . It remains to be seen how general this mechanism is in biology. In yeast, the BAR proteins Rvs161 and Rvs167, with actin, seem to be the main drivers for scission of endocytic vesicles, with a relatively minor role for the dynamin homolog Vps1 (Lu et al., 2016) . Frictiondependent scission is an attractive mechanism to explain scission in yeast endocytosis, among many other processes. One challenge in obtaining more direct evidence for this mechanism in cells is the difficulty of measuring extension speed for events occurring on spatial scales of tens of nm. Pending such direct evidence, or elucidation of some alternative mechanism, the centrality of friction remains the most plausible explanation for amphipathic helix-independent membrane scission by BAR proteins.
